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is obtained by e~tra~o~at~o~ in contrast o the direct mcasurcment of 
SS.VCF, relation. There is no known mathematic or physi&@c 
principle that would predict that the ~~~~~~~~ea~ity of V,,,:,, impI& tha: 
ESS-VCF, is ~o~~iI~ea~. The derivation of the afterload- and prcload- 
~~djusted shortening (S,,l-~r,,,-(r:,l,) and shortening rate (SK,,,- ~rti,,-~r,,,l) 
from the systolic myocardial stitfncss concept 01 
far more relevant. ItI il SClkS Of investigations, VLic and others (5.4.JtI) 
found S,,,--tr,,-~~~.,r~ to be linear, and we ohserved parallel shifts in the 
slope of the regression with increased or decreased contr;ictility. When 
analyzed from 811 appropriate theoretic point of reference, the ESS- 
VCF, rclatinn would indeed Se expected to be linear. 
In their study, Bancrjco et al. (I) collected two data points at each 
contractile state, one at baseline and a single point at higher aftertoad. 
On the basis of these two data points, they speculate that the curve 
connecting them is nonlinear. particularly outside of the observed data 
range. There is 110 valid analysis that permits one to ooncludc thaw ;I 
regression of two points is linear or nonlinear nor to conclude itil~lhillg 
concorning the shape of lhc curve outside the ohscrvcd r:mgc. Invcs- 
IigiltiO~~S performed by us (2,5,“), 10) id by others (3.4.0-S) h;w 
involved multiple 0bSL?lVilti0~lS COllCclCd over il much wider l”illl&!t of 
afterload values, i~lhi~~g critical ~~;m~i~~i~th oI’ tk ~XHCM ial nonlin- 
eilrity of this relation, and none was found. 
~~teruu~m~~ va~ia~~~j~y of the ~~~~VC p ~~~i~~~~~~~~ IdilllC+_T Cl ill. 
describe a “large and signiiicant i~~terauimal variability” of the slope of 
the ESS-VCF, relation hosed on connecting hvo points, a method that 
does not allow an estimate of the goodness of tit or :I statistical 
estimate of the contidencc inter-4 for the slope. When WC and others 
(2-X) ohtained the slope from multiple lcvcls of iifterload over a broad 
range of nftcrhd, WC fouud no statistically significant diltcrencc in the 
slope value between individuals. 
~u~~~~n~~c~ shifts Qf the ESS-VC ~e~~ess~~~~ skqr. The otlscr- 
vation that Icd Bancrjee et al. to speculate that the ESS-VCF, relation 
is nonlinear was the finding that during dohutaminc infusion they 
observed an apparent increase in the slope of the ESS-VCFc relation. 
The correct method of analysis would hc to compare the slope of the 
ESS-VCF, regression for any individual subject at hasclinc with that 
observed during dobutaminc infusion. Bancrjec ct al. cannot perform 
this analysis IltXiWiC they IlilVC insutlicicnt data points for statistical 
analysis and are left with zero degrees of freedom for either the 
regression or the comparison of slopes. 
During low dose infusions of dobutaminc, we observed (2 [Fig. 61) 
a trend toward y,ccpcr $11t still linear) regressions. In our more recent 
work (5,9.10) using midwall analysis, we found that the slope of the 
midwall velocity versus afterload regression does not change with 
altered contractilil;. This apparent difference between midwall and 
endocardial shortening velocity appears related to the finding that 
endocardial shortening overestimates average transmural lihcr short- 
ening (IU). This effect is augmented at higher end-systolic wall 
thicknesses, as seen during hypertrophy and enhanced contractility. 
The point that Sanerjee et al. seem to miss is that we never used 
the slope of the ESS-VCF, relation as an index of contractility; rather, 
we used the position of the relation with respect to the normal range. 
It should be noted that, similar to our findings, they did not find an 
overlap of data ranges between subjects with normal and enhanced 
contractility. 
Investigation af the ESS-VCF, relation at low afterload. Banerjce 
et al. (1) state that “At low afterloads, the curvilinearity of this relation 
becomes more apparent. Previous studies have not investigated the 
relation at low afterload, evaluating contractility only at normal and 
increased (during methoxamine infusion) afterload.” Banerjee et al. 
used exactly the same approach that we did (afterload enhancement 
only for any given contractile state) and therefore did not investigate 
the relation at low afterload for any given contractile state. an 
apreemcnt with our previous findings (2) fhey observed J decrease in,
afterload from baseline levels during dobutamine infusion. This does 
not permit conclusions concerning the behavior of the relation at 
reduced s8*Xrload for a constant contractile state. When the behavior 
of the rokion :I~ reduced afterload but constant contractile state was 
investigated by infuston of nitroprusside (4,8), the relation was ob- 
served to be linear, in Contras, to the speculations of Banerjee et al. 
Thus, it appears that anerjee et al. have been misled by incorrect 
methods of analysis. Further definition of the limitations and short- 
comings of the ESS-VCF, relation as an index of contractility is 
needed, but the report by Bancrjee et al. only undermines that process. 
Dr. Golan grossly misstates our lindings when he states that wc 
concluded “the relaGon between end-systolic stress (ESS) and the 
mean rate-corrected velocity of shortening (VCF;.) . . . should not be 
used as an index for contractility” (1). Conversely, we stated that “the 
1180 LE’ITERS TO THE EDITOR JACC Vol. 24, No. 4 
October 199431178-80 
“velocity of Sber shortening corrected for heart rate” is sensitive to 
changes in contractile state. As such, it may be very useful in the 
temporal, noninvasive evaluation of individual patients undergoing 
drug or surgical interventions or in defining the natural history of a 
disease process.” That is, we believe that ESS-Vcf, is an excellent 
in&x of CoRtractiIity, equally sensitive to the other commonly used 
indexes that relate changes in an estimate of performance to changes 
in lad. However, we argue against the application of ESS-Vcf, as an 
isolar& ~iq$4twt it&r. With none of the other relations (dP/dt,,,vs. 
end-diastolic volume [EDV] 121. a preejection phase estimate of 
performance indexed to preload, preload-recruitable stroke work [3], a 
pamejcction p&e estimate indexed to preload and the end systolic 
prcssurc-volume relation (31, an end-ejection phase estimate indexed 
to afterload), do investiylrtors presume to use an isolated, sir@ beat 
mcihsurcment of the relation as an index of contractility. Our data 
merely place the ESS-Vcf, relation in the same context. 
There are several problems witk the substance of Golan’s criticism. 
First, he claims that we suppose that the ES!&Vcfc relation is dcrivcd 
from V,,,,,X. Rather, we state that both are rcprcsentations of the 
force-velocity property of isolated muscle, tie further claims that this 
supposition is illogical hecausc V,,,,,, is a preejection phase index, 
whereas mean Vcf, is an ejection phase index and hcc;lusc the 
estimates of force are different. This statement is cquivalcnt to saying 
that the preejection phase dP/dt,,,,EDV r&ion and the ejection 
phase stroke work-EDV relation cannot both be representations of 
the length-tension property of isolated muscle. The issue is not 
whether these basic properties are curvilinear, but whether the inher- 
ent curvilinearity is demonstrable over the range of load or contrac- 
tility in the experimental condition investigated. For example, curvi- 
linearity of the end-systolic pressure-volume relation has been 
demonstrated in the intact but not the isolated heart (5) and of the 
midwaIl Vcf-mean systolic wall stress relation in humans with aortic 
stenosis (6). Of particular note is that this latter relation is based on 
the force-velocity property and that it uses midwa!! measurements 
that Colim claims may abolish slope changes caused by dobutamine. 
Actually. our study was not intended to investigate the curvilinear- 
ity of the ES!+=Vc% relation at all. Our null hypothesis was that the 
rebtion is linear and shifts in parallel with changes in contractile state. 
We then set out to acquire data to see whether they would lit this 
model. ntus, there was no statistical or experimental reason to acquire 
more than two points: If a relation is linear it can be fully described by 
two points. We then found that the hypothesis could not be supported: 
That is, lines generated from data points from different contractile 
States dramatically intersect. We then speculated that the relation is 
curvilinear and gave theoretic reasons tosupport that speculation. One 
does not speculate about data analysis, as Colrn implies, one draws 
conclusions from the analysis of data and then speculates when the 
analysis does not support the null hypothesis. 
CoIan also misses the point about nonparallel shifts. Whcthcr he 
“employed the slope of the E!%-VCFc relation as an index of 
WntractiIity” or not, “parallel shift” is a critical assumption to the use 
of the relation as a single-beat index because nonparallel shifts in the 
presence of linear relations would hy definition require oV&ppiRg of 
data points from different cmntractile states. 
Gh Presents I I references to refute our lindings and presumably 
to support his Use of isolated, single-beat measurements of ESS-Vcf, 
against a normal curye. The support is putatively based on the lack of 
variability in slope and position among subjects. However, rather than 
isolated, single-beat data, in 6 of the 11 studies referenced by Dr. 
Golan, Vcf, compared behveen subjects and contractile conditions was 
not merely divided by end-systolic stress, but rigorously matched to 
afterload, either by infusion of methoxamine (7-10) or nitroprusside 
(I 1,12). This is exactly what we recommend, as Aoyagi et al. (8) state, 
to “avoid any potential confounding effects of loading state on the 
assessment of contractility.” In three other studies (13-9, it is 
suggested that the relation has significant prelodd dependence that 
must be considered, in strong disagreement with Golan’s hypothesis. In 
another study (16), regional and not global stresses were measured. 
We are left with only one reference (17) that agrees with his hypothesis 
that loading conditions need not be controlled when acquiring ESS- 
Vcf, data. Although Colan states in his letter that the regression of 6 
to 10 different levels of afterload at a constant contractile state in each 
individual subject showed linear relations and similar slopes between 
subjects in that study, we can find no such analysis. 
We vigorously itgrce with all of the studies reference 
the ESS-Vcf, relation is a very promising index of contractility. 
However, our data support the importance of not only incorporating 
afterload as estimated by end-systolic stress into the index, but also of 
dctining a rclntion over varying load to ensure that measur~mcnts 
between subjects or conditions occur at the same load. WC believe that 
it is theoretically unsound and expcrimcntally unsubstantiated IO use 
the relation as an isolated, single-beat index, as rccommcndcd hy 
Colan. 
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